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Precadur«i (ec th« eontinuoua rseyeling »n off-gas flew containing an 
unraactod olofin roaulting by oxidation ot olefina with 

hydroperoxidaa, ineludaa following ataps (1) compaction and cooling ch« 
off-gaa flow, (2) separation the. olefin frora the off-ga9 flow by 
distillation, and (3) epoxidn. of the separated olefin 

with a hydroperoxide. The procedure is especially useful for apoxidn. 
of propene to propane oxide, whereby the off-gas flow 
contains propana and propane. 
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ANSWER 2 OF 10 CAPLUS COPYRIGHT 2007 ACS on STN 
A continuous preceaa for the epoxidn. of elefina 
(e.g., mechyloKirane from propylene) with hydrogen peroxide 
using a product-stream pradiatn. atep and unit is described and a process 
flow diagram presented. 
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AB An olefin is treated with an epoxidizing agent to give a mixture 

of an epoxide and a carboxylic acid by-product which is separated by 
a double extraction procedure. The mixture is partitioned using a 

solvent 

immiscible with H20, which dissolves the epoxide, and an aqueoua 
solvent to dissolve and extract the acid. Thua. a mixture containing 
epoxide deriva. of C14 1-alkenes 34.3, AcOH 19, and EtOAc 46. 7t 
was passed at 1660 g/hr into the center of a 5 cm diameter Yor k-Scheibel 
column with 20 stages, operating at 25*. Water (3.3 parts/l part 
AcOH> waa introduced at the top of the column and 930 g/hr pentane at the 
bottom. The nonaq. phase withdraw at the top contained 69\ BtOAc and 
.6% AcOH while the aqueoua phase «t the bottom contained 99.41 AcOH and 



111 



BtOAc, which was separated by distillation A aimilar process waa used to 
sep. a mixture containing AcOH, propylene, propane, EtOAc, 
and propylene oxide. 
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AB The title compds. were prepared in a 2-8tep conversion proceaa of 
olefins which were gaseous under normal conditions with AcOOH (I). 
Thua, 1680 g. propylene (II) and 676 g. I (201 by weight aolution in 
AcOEtl were allowed to react per hr. in a 2-step reaction. The 

components 

were paased into a reactor 360 mm. long and ISO mm. in diameter The 

converaion in the 1st step took place at SO* in 50 min. and the 2nd 
atep at 100* in 10 nin.; in both steps the pressure was 100 atnoapherie 
Unreacted II was recycled after condensation at 50*. The reaction 
product was passed to a distillation column and subjected to 
fractional distillation at atmospheric pressure. Propylene oxide 
(HI), b. 33-5*, was removed at the top at 402 g./hr.. 77.9% yield 
with respect to I supplied, and 77.1% with respect to the nonconverted 

II. 

II conversion was 22. SI by weight and I conversion waa 951 by weight 
The uae of 

Me2C0 resulted in 362 g. Ill/hr. (70.1% with respect to II and 73% with 
respect to I). II conversion was 21. 4« by weight and che I conversion 

was 

971 by weight The following results were obtained with a U4A reactor: 
358 g. 

IlX/hr.r 1X1 yield with respect to I, 69.51. Ill yield with respect to 
II, 7eir X conversion, 981 by weight; XX conversion, 19.61 by weight 
The amount 

of distillation reaidue was 0.3 kg. /kg. Ill formed while 131 C02 was 
formed with respect to 1 C atom of I. Corrosion gave 0.00011 by weight 

Fee 13 

in the reaction mixture with respect to I aolution (1.1 g./m2/ day). 
The same 

experiment was carried out with 0.01% by weight NaSPSOlO and 0.01% by 
weight- 

quinoline as stabilizers. The results were: 46S g. XlX/hr.; Ill yield 
with respect to X, 90.11; with respect to XI, 67.61; I conversion 971 by 
weight; and II converaion 22.61 by weight tsobutylene (3420 g.) and 201 

by weight 

I solution in BtOAc (4940 g.t was atabillted with 0.011 by weight 
Na5P3,O10 and 

0.011 by weight quinoline. The mol . ratio isobutylene-I was 4.7:1; in 

the 

let step, the temperature was 30* and the time 30 min.; in the second 

atep, temperature 70*, time 6 min. Pure iaobutylene oxide was obtained 
(88.2 % with respect to I supplied). 
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AB Olefin* with more than 3 carbon atoms can be epoxidated in 

liquid phase by molecular oxygen using as catalyst olefinic aldehydes, 
that give the corresponding olefinic acids, .and sulfur or aromatic nitre 
derivatives. Thus; A solution of 168 g. acrolein^ 420 g. propylene 
, 180 g. nicrobenzane, and IITO g. BtOAc ia poured into a pressure 
vessel, 

heated at 100*, and saturated with oxygen for 1 hr. The 

distillation of the solution gives 39T.2 g. unreacted 

propylene, 69.3 g. acrylic acid,. (64%) 84 g. unreacted acrolein, 

and 28.4 g. 1, 2-epoxypropBne (9011. A solution of 112 g. acrolein, 420 

9- 

propylene, 1369 g. BtOAc, and S g. sulfur is heated at 60*. 

and treated with molecular oxygen 2 hrs . to give (with recyelitation) B21t 

1, 2-epoxypropane, and 70i acrylic acid; without sulfur the yields are 15% 

and 70%, respectively. A solution of 210 g. methacrolein. 420 g. 

propylene, 180 g. nitrobenzene, and 1130 g, EtOAc is heated at 

9S* and treated with oxygon for 16 min. to give (with 

reeyclization) 65* 1 , 2-epoxypropane , and 86* methacrylic «cid, 

(conversions 7.61 and 28*, respeccively) . A solution of 210 g. 

crotonaldehyde, 420 g. propylene, 180 g. nitrobenzene, and 1130 

g. BtOAc is heated at 90* and treated with oxygen for 2S min. to 

give (with reeyclization) 91% 1, 2-epoxy-propane, and 651 

crotonie acid (conversions 5.8U, and 66i, respectively). 
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AB Cf. CA 57, 13716g. The (tert-Bu)202 H)-inducod free radical addition of 
propylene oxide III), styrene oxide (III), 1 , 2-epoxybut«ne (IV), 
1 , 2-epexyoctane (V). and 1, 2-epoxy-3-phenoxypropane (vi) to 1-octene 

(VII) 

was studied in the temperature range 125-200*. A mixture of isomeric 
epoxybutanes distilled gave 2, 3epoxybutane, b. 56-7*, n200 1.3815, and 
IV, b, 58.5-9.0", n2O0 1.3632. The base-catalyzed reaction of H20 
with mesityl oxide according to Payne (CA 52, 16357f) gave 
4-inathyl-3, 4-epoxy-2pentanone (VIII), b20 61-2*, n200 1.4235. V (2 
moles), 0.40 mole VII, and 0.06 mole I deaersted with N and heated 3 hrs. 
St 145*, the mixture freed tron peroxide decomposition products and 
unreacted V and VII by diatillation, the residue distilled at 0.10 mn. to 
remove the 1:1 adduct, and the product redistd. gave 7,7% 7-hexadecanone, 
bO.lO 82*, n2D0 1.4432, X 5. 85 m failing to give pos . 
)ceton« test with Brady reagent, and H0NH2.HC1, or to yield a 
semicarbazone . 

Gas-chromatographic comparison of its retention tine with that of an 
authentic synthetic sample proved the assigned structure. IV (2 moles), 
0.40 nolo VII, and 0.06 raole t heated 3 hrs. at 145* in a deaerated 
Parr autoclave yielded 3.43 g. 3-dodeeanone, b0.15 65*, n2D0 
1.4425, X. 5.85, 3.0 . Ill (2 moles), 0.20 mole VII, end 0.03 mole 
I heated 3 hrs. at ISO' under N and the mixture distilled gave 3.10 g. 
capriphenone (95% pure), bO.50 120-8*, n2D0 1.4975, 5.65 . VI (1 
mole), 0.10 mole VII, and 0.03 mole I heated 5 hrs. at 150* under 
N, the mixture distilled, and the solid 14.45 g., bl.O 170-200*) 
recrystd. 4 times from petr. ether gave a product, m. 83*, 
X5.8 5M, mol. weight 527, consisting of 2:1 and 3:1 addition products 
(mol. weight 486 and 598). These results indicated that the chain 
transfer 

•torn was Che a-tertiary H atom on the epoxide ring. 

Formation of this product also indicated that the intermediate epoxy 

radicals, initially formed, rearranged to a-oxo radicals before 

addition to the olefin. A mechanistic path fox this general 

reaction was outlined and discussed. II (3 moles), 0.20 mole VII, and 

0.015 mole I in a deaerated steel bomb heated 17 hrs. at 125* and 

the mixture distilled gave 2.33 g. S-hydroxy-2-hexanena (IX), 60% pure, 

bO. 10 

60-90*, nZDO 1.4520, mol. weight 120.7, X 3.0, 5.85 H. 

together with 2.33 g. residue, mol. weight 640. IX (2 moles), 0.20 mole 

VII, 

and 0.03 mole I heated 2 hrs. at 150* in a deaerated Parr bomb and 
the mixture distilled left a residue of 11.2 g.. n2D0 1.4595, rool. 
weight 324, and 

gave 5.34 g. product, bO.26 62-70*, n2D0 1.4368, mol. weight 211, 
X. 3.0, 5.65 t*i chromatographed to show the presence of 4.27 g. 
IX and 1.07 g. 2-undecanone (X). II (2 moles), 0.10 mole VXI. and 0.12 
mole I heated 1 hr . at 200* in a deaerated Parr bomb and the mixture 
distilled left 10.2 g. residue, n2D0 1.4622, mol. weight 349, and gave 
4.80 g. 

product, bO.26 50-7*, n2D0 1.4370, mol. weight 175.6. X. 3.0, 
5.85 M. containing 0.96 g. IX and 3.84 g. X; X aemicarba zone m. 
118-20*. With II, a secondary reaction, involving opening of the 
epoxide ring by intermediate acetonyl radicals, produced IX. To 
ascertain the effect of ring size on the rate of H atom abstraction, the 
reactivities of the above epoxides II, III^ IV, V. VI, VII as, 
well as trimethylene oxide, tetrahydrof uran, and tetrahydropyran toward 
Me3C0, radicals were determined relative to C6I16. The reactant and t in 
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at 135 t 1* (stirred oil bath), the cooled ampul opened, and the 
mixt. analyzed by gas chromatography. The reactivity studies were 
tabulated and resuits indicated that 5- and 6-membered cyclic ethers 
underwent H atom abstrsction most readily. Trimethylene oxide, II, and 

were similar to C6H6 in reactivity, V and VX were intermediate in 
reactivity, whereas III, which contains a benzylic H, was the most 
reactive epoxide. 

1963:421224 CAPLUS 

59:21224 

59:374Ba, 3749a-f 

Free radical chemistry of cyclic ethers. IV. Free 
radical rearrangement of epoxides 
Wallace, T. J.; Sritter, R. J. 
Univ. of Connecticut, ^Storrs 
Tetrahedron (1963), 19. 657-65 
CODEN: TBTRABi ISSN: 0040-4020 
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molar ratio was weighed into a glass ampul cooled in a solid 
C02-CHC13-CC14 bath, flushed with argon, the sealed ampul heated 40 hrs. 
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AB Th« aucoKidn. ot *llyl chloride (I), n«thAllyl chlozida (IZ). 

1, 4-dichlorobut«n«-2 (IZI), and 3. 4-dichlorobuc«ne-l IIV) formed 
chlorohydrina by atcaek .at tha double bonds. Analyaia of the initial 
preducta from II indicated an epoxide precuraor waa involved. 
Oxidation ratea for III and IV were atudied and ahot* an unusual 
dependency on 

added anions. All allylic chlorides were fractionated. Oxidna . at 
atmospheric 

pressure ware conducted using cylinder O. For pressure oxidna. an 
autoclave waa uaed. Products from I and II were analyzed by gaa 
chromatography. Without a catalyst the oxidation of II at 60* waa 
vary alow. A maximum oxidation rate of S.5 * 10-7 mole 0/ mole 
olefin/aec. waa reached in 12 hra.; after 44.7 hra. 0.064 mole of 
O/nole II was consumed, and the reaction terminated. In order to obtain 

a 

higher eonveraion and allow iaolation of producta 90.6 g. II containing 

l.B g. 

eobaltie acatyl-aeetonata and 5 g. cumene hydroperoxide oxidized 46.3 

hra. 

at 60* and diatillation of an 89-g. aliquot of the liquid 
product gave 40.7 g.. b200 35-7», 5.9 g., b200 78-9* 
(contained 1.6 nilliaquiv. of epoxide), 2.5 g., bSO 
55-75*. 4.5 g. blO 66-90*. At 200 Ib./aq. in. 487.1 g. II 
containing 20 g. HgO and 4.8 g. tert-butyl hydroperoxide oxidized at 
100* with an off gaa, the reaction terminated at 37S min. after the 
consumption of 3.55 molea of O, the aolid product aeparated, diaaolved 
in H20, 

waahed, acidified, and extracted with Bt20 gave 9.8 g. of liquid 
conaiating 

mainly of HC02H. The 510 g. of liquid oxidation product gave a min. of 

15 

separate peaka on gaa chromatography. Chloroacetone and 1.3- diehloro - 
2 - methylpropanol-2 (V> constituted 24 and 111, reap. Chloroacetone and 
1 , 2-epoxy- 3-chloro-'2-methylpropBne (VI) were identified by infrared gas 
apeetra. V waa purified by redistn., bl4 62.8*, n20D 1.4700, d20 
1.250. The bia-2-naphthyl ether derivative m. 146-8*. Reaction with 
aqueous auapenaion of Ca(0H)2 gave VI. Acidification of the aalts 
yielded 

nearly all HC02H, a trace of AcOH, and no chloroaeetic acid (43.2 min.). 
Attempta to titrate aamplea from various reaction atagea for 
hydroperoxide 

iodomatr ical ly gave poor results. I (497.3 g.) containing 20 g. MgO at 
100* and 200 Iba./sq. in. for 440 min. required 76.8 g. O and a 
constant maxiraun rate waa reached in 260 min. C1CH2CH0 waa identified. 

HC02H 

was present in the distillate. 1, 3-Dichloropropanol waa isolated as a 
pure liquid; phenylurethan m. 172-3*. The acid components (B.5 g.) 
extracted from the acidified MgO contained equal amts . of chloroaeetic 

acid 

and HC02H. The oxidation of III at 90* was terminated after the 
conaumption of 0.74 mole O at 27 hra. Several tenths of a gram of 

<C02M2) 

was directly filtered. The aelution waa found to contain 2.2 
milliequiv. /g . 

of acid. The aolution, Bl q., taken up in CHC13, waahed, dried, and 
diatilled 

gave 13 g. unchanged IZI. Ho 1,3-iaomer waa obtained. Triehlorobutanol 

in 

28% yield waa collected at 68-77 */l mm., n25D 1.4960. The oxidation 
of 2H III in AcOH with O.IH cobaltoua chlorida gave 0.19 mol« HCl and 

0.13 
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mole c02/mole of III. Oiatn. gave no aepn. of product*. An 82% 
yield of a liquid b3 73-160* consisted of eaters contaminated with 
acids, olefinic, and hydroxy compda . Titration of the crude oxidn. mixt. 
for hydroperoxide was unsucceasf ul . . Oxidn. of IV at 90* with 0.5* 
Co naphthenato consumed 0.16 mole O in 24 hra., and purification of the 
product gave 35 g. IV and 7.6 g. III. No isomer was recovered for 
reaction in the absence ot catalyst. The combined products from oxidn. 

of 

2M IV in AcOH representing 225 g. starting material were distd. Tha AcOH 

forerun of 29 g. yielded an unatable 2, 4-dinitrophenylhydrazone, m. 

125*. Prom the IB. 5 g. fraction, b4 54-66*. 4.5 g. cryatala 

were obtained, m. 62-3*, probably C1CH2C02H. The p-bromophenaeyl 

ester m. 97-9*. The eater fraction, b4 72-61*, 14.5 g., on 

hydrolysis with l\ H2S04 and steam distn. gave AcOH and a liquid 

from which 1 , 2 , 3 , 4 - tetra- chlorobutane was obtained as plateleta, m. 

73'. The remaining liquid waa triehlorobutanol; urethan ra. 

132-3*. The next highest boiling distillate, bl 81-127*. 

B.6 g., appeared to be a mixt. of eatera. And tha laat fraction of 17 

bl.l 127* pptd. acne crystals, m. 76-7*. The pot residue 
waa 40.8 g. Pure 1. 3 , 4-trichlorobutanol-2 (VII) was obtained by 
ref luxlng 

either the impure chlorohydrin or the ester fraction from the oxidn. of 
III or IV with S timea ita wt . of N MeOH-HCl. VII bl BO*. n2SD 
1.S022.0 With baae VII gave an epoxide, b44 96-100*. n20O 
1.4749; phenylurethan n. 132-3* , Reaction of the chlorohydrin with 
20% NaOH gave BOt dichloroepoxybutane. blO 73-5', n200 1.4767. The 
rata of baaie hydrolyaia of O.IN chlorohydrin waa aeeond order rate. A 
plot of O consumed againat time generally produced typical aigma shaped 
curves. The following reaulta were obtained (isomer, solvent, temp., 
concn. of the dichlorobutene , conen. of catalyst, added salt or acid, and 
the rate + 104 given): IV, AcOH, 90*: 2M, O.IM, CoOAc, 10; 

IM, O.IM, COOAC. 7.6; 2M, 0.05M, CoOAc, 7.8; 2H, 0.05M CoOAc. O.OISM HCl. 
S.5; 2M. 0.05M, CoOAc 0.2M, LiCl, 3.2; 2M, O.OSM, CoC12, 11. 
3. 4 -Dichlorobutene, no solvent. 90*, no catalyat, 1.0, 0.5 mole-% 
Co as CO naphthenate, 3.2; IS mole-l K2C03, no reaction. CoOAc, and 
C0C12 • 

represent cobaltoua acetate-4H20 and CoC12-6H20, reap. Ill, AcOH. 
90': 2M, O.IM, CoOAC, 13; 2M O.IM, CoOAc, 0.4H, Pb(OAc)2, 26; 2N. 
-, COC12, 30.100': 2M. O.IM, C0Ci2, 23.80* : 2M. -, C0C12. 
21; 2M, O.lMCoCl, 1% 2 -azobiaisobutyroni cr ile , 20.70': 2M, O.IM, 
CoC12, 8. Ill, no solvent, 90*: no catalyat. 10; 0.5 nole-\ Co aa 
Co naphthenate, 6.8, no catalyat, l\ 2-azobifliaobutyronitr i le, 
10.80*! O.St Co aa Co naphthenate. 20k, light MgO, 11; no catalyat, 
20%, light MgO 13. ZII, He3C0H, 90*: 0.4M, negligible reaction. 
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GI For diagram(a>, aee printed CA Issue. 

AB cf. CA. 50, 2412i. Me2CHC ( OH » Ph2 II) gave 60% Mc2C:CPh2 (ID with Ac20 
and 50% with o-'C6H4 (CO) 20 (Ila); it waa best prepared by keeping 40 
g. I. 50 g. CSHSn, and 42 g. POC13 at room temperature several days, 

pouring on 

ice. extracting with Bt20, drying the exta.. concentrating, distilling, 
refluxing the 

distillate 6 hrs. with Na. and redistg. to give pure II, bl.6 114', 
n23.5D 1.566. II (20 g.| in 100 cc. Ac20 treated in 0.5 hr . , with 
cooling, with 15 g. Cr203 in 80 cc. Ac20, stirred 3 hrs., poured into 1.5 
1. 'H20, and the product extracted with Et20 gave 14.4 g. CMe2.CPh2.0 
(III), 

bO.7 102-12*. m. 64* (ale); by-products of the reaction 
were identified as Ph2CO and Me2CO. II and Bz202 also gave III, bO.25 
SB'. Ill (0.2 g.) and 5 cc. 43% H2S04 ahalcen several days gave a 
diol, m. 94-5' (petr. ether). II reacted vigorously with Cr203 in 
65% H2S04, giving no III, but instead, Ph2CO and 'Me2CO. 

p-MeC6H4CH(OH)CHMe2 and saturated Et20-HCl gave p-MeC6H4CHClCHMe2 which, 
treated in situ, with C5H5N gave p~MeCeH4C : CMe2 (IV), m. 58-9* 
(ale). Aa above, 20 g. IV and 11 g. Cr203 in Ac20 gave 13 g. 
epoxide |V), bt.S-1.7 139-42* [by-products were 

(p-MeC6H4)2CO and Me2CO) ; IV and Bz202 alao gave V, m. 56-9*. V, 

aa above gave a diol, identified by oxidation with HI04 to <p-MoC6H4 ) 2C0 

(VI). IV and Cr2o3 in 43% H2504 gave VI but no V. p-BrC6K4Mg8r (from 

500 

g. p-BrC6K4Br and 60 g. Mg) and 110 g. Me2CHC02Et gave crude 
{p-8rC6H4) 2C |0H)CKMe2 (VII); distillation of VII gave 
(p-BrC6H4) 2C;CMe2 (VIII), bO . 7 174*. m. 97* (ale); as 

above. 15 g. VIII gave 10 g. epoxide (IX), bl.2 177-6*. 

m. 94-S* (ale); IX was unaffected by 43% H2S04 at room temperature for 3 
days. Similarly were prepared (p-ClC6H4 ) 2C (OH) CHMe2, (p-ClC6H4 ) 2 :CMe2, 

bO.2 

132*, m. 71-2*, and the epoxide (X), bO.65 

146-50*, m. 57-B*. Me2CHCHMeC (OH ) Ph2 , b2 198-200*. 

nl7D 1.564, (205 g.) and 600 g. Ila gave Me2CHCMe : CPh2 (XI), blS 

168-70*, nlSD 1.5740 and X gave the epoxide (XII), bl2 

172-4*, m. 93* (ale); XII also resisted hydrolysis with 43% 

H2S04. He(iso-Pr)C(C02Bt)2 gave Me2CHCHMeC02H, b. 142-6*. n20D 

1.4023. 
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AB Epoxides are prepared by treating an ethylenically unsatd. compound 
with AcH- or EtCHO-monoperacylate, preferably at 40-120*. Thus, 
351 g. of a mixture of AcH (75%) and Me2CO (25%) charged to a cylindrical 
oxidizer, cooled to -4*. irradiated with ultraviolet light, and O 
forced through by means of a diffusar gives 46% AcH-monoperacetata |l) at 
the end of 2 hra. Fresh AcHMe2CO may be added at the top of the oxidiser 
and the oxidized product removed from the bottom. Styrene (413 g.) 

containing 

0.8 g. 4, 2, 6-Cl {02N) 2C6H20H CI) is charged to a atill, refluxed at 

70* under 60 mm. pressure, 229 g. of a 52% aolution of I (prepared aa 

above) added over a period of 80 nin. and 10% II in styrene is added 

simultaneously through the reflux column at a rate of 20 nil./78 nin. and 

the AcOH, Me2C0, and AcH are removed continuously. Distillation of 

tha residual material gives 86 g. styrene oxide, as well aa unreacted 

atyrene. Similarly were prepared tha following from the corresponding 

olefins: 4-vinylcyclohexene monoxide, b9 57*; 

propylene oxide; 3, 4-epoxy- 4 -methyl-2 -pentanone , b26 65*; 

9, lO-epoxystearic acid, ra. 52*; glycidol, bS 57*; 

chloroiaobutylene oxide, bSO 46*; butadiene monoxide; 

3, 4-epoxycyclohexanecarbohitrile, b2 . 5 76-85*; 9, lO-epoxy- 

scearamide; N- |n-butyl)-4, S-epoxycyolohexane-l, 2-dicarbeximide . 
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AB Th« object of this work waa th« prepararlon and atudy of the phya. 

propartiaa 

el eartaln hydrocarbons with b. pa. in tha range of gaa oil (pecrelaiual 

fraction b. 200-320*. Preparation of hydrocarbons: Aliphatic aariea: (1) 

Pentadecana (I). Condensation of ICH20)3 with C6H13MgBr gave 361 

heptanol; condensation of C7HlSMgBr with HC02Et gave 61% 8-pentadecanol 

UI), a. 43.5* ( from EtOH-H20) , bl 1 153' (c£. C.A. Al. SBbOe 

for data on C6H13Br and C7HlSBr>. Dehydration of II in H2S04 gave 

7-pentadecene, b20 13T, d20 0.7726, n20D 1.4370, MR <mol. 

refraction) 71,21, oxidation of which with Cr03-H0Ac yielded heptanoic 

acid. 

b. 218-24*, and octanoic acid, b. 233-B*, both eharaecerized 

by titration and th* Ag aalta. Catalytic hydrog«nation with Pt black of 

II 

gave I, b22 14S'. dZO 0.7638, nZOD 1.4286. MR 71.49. (2) 
4, «-Diprepylnonane could not b« prepared The 4-heptanol (XII > prepared 
in 88« 

yield from C3H7HgBr and HC02Et b25 70*, d20 0.B127, n20D 1.4184, HR 
36,00; theae data conparod favorably with theae for XIX prepared from 
C3H7NgBt and C3H7CHO. in eontraat to the poorer data for III prepared 

from 

eatera: b25 €4*, d20 0.8139, n20D 1.4181, MR 35.92. The C7HlSMgBr 
was forned with difficulty, BtBr being necessary to prime the reaction, 
and subsequent condensation with HC02Et gave only aecondary products, 
notably 2-propyl- 1-pentanol . The preparation of 3-propyl-2- <2- 
propylbutyl ) hexanoic acid <IV) by malonic ester synthesis (for subsequent 
decarboxylation to C1SH32) waa unsuccessful. (31 2,4,8,10- 
Tetramethylhendecane could not be prepared from He2CHCH2CHMeCH2MgBr and 
HC02Bt; only secondary products were obtained. 4-Methyl-2-psntanol , 811 
from He2CHCH2H9Br and AcH, blO 47*, d20 0.80708, n20D 1.4101, HR 
31.22: formation of its bromide with P and Br or with HBr was difficult, 
and subsequent condensation with ICH20)3 gave mostly secondary products 
and B« 2, 4-dimethylpentanol . (4) 2, 6-Diroethyl-3, S-diisopropylheptane waa 
not formed from |Me2CH > 2CHMgBr and HC02Bt, but inatead (Me2CH)2CK2, 
He2CHCH:CHe2, and (Me2CH»2CHCH20H were obtained. The malonic eater 
synthaaia waa conaidered improbable after atteapted preparation of IV. 

(S» 

Hexadecane (V), eot from l-bromooctane and Na. bll 153*, d20 

0.7770, n20D. 1,4351, MR 75.91; in Et20 the reaction is alow, with an 

intermediate blue color; if l-bromooctane is added to a suspension of Na 

in xylene, the initially fast solution of the Na is followed by the slow 

elimination of Br as HaBr (refluxing 3 h.) (701 yield). (6) 

5-MethyI-4, 6-dipropylnonane . The intermediate ( Pr2CH) 2c (OH)Me could not 

be obtained by Grignard condensation, only secondary products such as 

3- prepyl-2-hexanol. (7) 4, 7-Dipropyldecana (VX). 4-Hoptanona (VIZ). 

f roB 

4- heptanol and Cr03-H0Ac, b741 142*, d20 0.8116, n200 1.4065, MR 
34.53; semicarbazone ra. 135*. BrHgC. tplbond . CMgBr (VIII) was made 
by passing a stream of pure C2H2 into Et20 and EtMgBr until C2H6 

evolution 

ceased and 2 liquid layers appeared; condensation with VII gave 894 
acetylenic glycol, m. 120* (from CC14). dehydration of which in 
boiling 25t H2S04 gave 4, 7~dipropyl-3, 7-decadien-5-yne (IX). b2S 
142*, d20 0.8111, n20O 1.4862, MR 77.19 (an extraordinary 
exaltation of 4.04 was noted}. Hydrogenation with Pt black gave VX with 
phya. data different from those found in the literature (cf. C.A. 8, 
15791. b23141*. d20 0.7802. n20D 1.43S0. MR 75.59. ^Selective 
hydrogenation with Raney Hi in BtOH gave inatead intermediate producta. 
identified by oxidation; 4. 7-dipropyl-3, 5, 7-dacatriene. 4 , 7-dipropyl-4. 6- 
decadiene. and 4 . 7-dipropyl-5-decene . <8) 2.4.6.8,10- 
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Pentamethylhandecana. An attempted prepn. by Grignard condensation of 
Me2CHCH2CHMeCK2Br with BtOAc gave only secondary products, such as 
2, 4-dimethyl-6-hexanel , 2, 4-dimethyl-l-pentene. and 2, 4-dimethylpentane . 
(9) 2, 4, 6-Trimethyl-3, S-diisopropylheptane could not be prepd. by 

Grignard 

condensation of (Me2CH)2CHBr (C.A. 41, SBSOe) with BtOAc. (10) 
2, 7-Dimethyl-3, 6-diisopropyloctane IX). <Me2CH)2CO, formed by Cr03 oxidn. 
of the ale, waa condensed with VIII to 2 , 7-dimethyl- 3 , 6-dii8opropyl-4- 
octyne-3. 6-diol, m. 109* (from CC14); the condensation of this 
ketone, doubly branched in the a-poaition, goea normally. 
Dehydration in 20% H2S04 gave 
2. 7-dimethyl-3, 6>diiaopropyl-2. 6-octadien-4- 

yne (XI). b2B 142*, d20 0.8360, n20D 1.50S0, MR 77.34. Catalytic 
hydrogenation with Raney Ni at 180* and 120 kg./sq. cm. gave X, b35 
142*, d20 0.7968, n20D 1 .4470, mol. refraction 75. 7B; hydrogenation 
with Pt black gave instead 2 , 7-dimethyl- 3, 6-di iaopropyl-4-octene (XIX), 
b21 132*, d20 0.8157, n20D 1.4S13, MR 73.99; hydrogenation with 
Raney Ni (room temp, and 1 atm. ) gave intermediate producta, 
2, 7-diBethyl-3. 6-dilsopropyl-2, 4, 6-oetatriene. and 2, 7-dimethyl-3. 6- 
diiaopropyl-3, S-octadiene, as well as XII. (11) 5, B-Dibutyldodecano 
(XIII). BuMgBr and HC02Bt gave 92t 5-nonanol, b27 103*. d20 
0.8257, n20D 1.42B9, MR 44.95, oxidized with Cr03 to 5-nonanene; 
condensation with VIII gave 83^ 5, 8-dibutyl-6-dodecyne-5. 8-dioI, m. 
130.5* (from EtOH). Dehydration in 25\ H2S04 gave 

5, B-dibutyl-4, 8-dodecadien-6-yne (XIV), b29 189*, d20 0.B222, n20D 

1.4666, MR 95.77; total hydrogenation with Pt black in HOAc yielded XIII, 

b32 192*, d20 0.7922, n20D 1.4436, MR 94.46. Hydrogenation with 

Raney Ni in BtOH gave intermediate compda. (12) 2, 9-Dimathyl>4, 7- 

diiaobutyldecane (XV| , prepd. similarly to XIII in 81% yield, b30 

167*. d20 0.7862, n20D 1.4412, MR 94.52. 2, 9-Dimethyl-4, 7- 

dii8obutyl~5-decyne-4, 7-dioi, m. 72* (from ligroin), was dehydrated 

in 25» H2S04 to 2, 9-diraothyl-4, 7-diisobutyl-3, 7-dBcadien-5-yno (XVI), b28 

156*. d20 0.a023, n20D 1.4783, MB 95,94. Total hydrogenation to XV 

was possible only at a pressure of 130 kg./aq. cm. at 180* with 

Raney Ni. (13) The Wurtz reaction gave very poor yields of the desired 

hydrocarbons; the main products were diraers and "intermol, rearrangement" - 

producta of free radicals. Condensation of 1-bromodecane and iso-AmBr in 

Bu20 with Ha gave a small quantity of impure 2-methyltetradecane, b22 

1S2*. d20 0.7832. nSOD 1.4290, MR 71.75; the Main producta ware 

He2CHEt, the 2-methylbutenes, and the diner of the decyl radical, 

eicosane. Instead of 2methyl-4-iaobutyldecane from 1-bromohexane and 

(Me2CHCH2 ) CHBr , only secondary products such as dodecane were formed. 

Tetradecano (XVII |, and not the desired 2-methyl-4-iaobutylhendecana. was 

the main product from 1-bromoheptana and (Mtt2CHCH2 ) 2CHBr , b23 135*. 

d20 0.7700, n20D 1.4303. MR 66.46. PrCH8rCH2CHMa2and Na in xylene gave 

only "internol, rearrangement" products and not the desired diner, 

2, 7-dimethyl~4, 6-dipropyloctane . Arylaliph. aeriea: (1) 

1.2-Diphenylethane (XVIII) . 1 , 2-Diphenylethanol , from PhCH2MgCl and BsH. 
m. 69* (from CC14); dehydration in 50% H2S04 gave atilbene, m. 
124* (from EtOH), and hydrogenation with Raney Ni easily formed 
XVIII, m. 52*. (2) 1, I'Diphenylpropane (XIX), 

1, 1-Diphenyl-l-propanol (XX), in 87% yield from EtMgBr and PhBz, m. 

96* (from 90% EtOH) (cf. Klagea, Ber. 35, 2647 U902)'], was 

dehydrated by distn. in vacuo with activated clay to 

1. 1-diphenyl-l-propene. bl5 154*, d20 1.0250. n20D 

1.5880, MR 63.70; hydrogenation with Raney Ni g«v« XIX, bl8 145*. 

d20 0.997S, n20D 1.S701, MR 64.48. Dehydration of XX in boiling BtOH 

easily gave the dinar 2, 3-dinethyl-l, 1, 4, 4-tstraphenyl-l-butene. n. 

212*; the structure was detd. by Br no., nol. wt . by f.p. in C6H6, 

and oxidn. (3) 1. 2-Diphenylpropane (XXI). PhCH2MgCl and AcPh gave 92% 
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l,2-diphenyl-2-propanol, m. 72* (from EtOH). b9 163', 
dehydrated in boiling 50% H2S04 to 1 , 2-diphenyl-2-propene, n. 
81* (from EtOH), b22 170*, slightly sol. in Et20. 
Hydrogenation with Pt black was selective, to fora XXI, b25 160*, 
d20 0.9799, n200 1.5$73, MR 64.42. (4) 1. 3-Diphsnylpropane (XXIX). 
PhCH2MgCl and HCOZEt gave only 7-8% 1 . 3-diphenyl-2-propanol (XXIII). 

owing 

to tha formation of secondary products such aa PhCH2CH20H; the Grignard 
condensation of PhCH2CH2Br with BzH gave 35% 1 , 3-diphenyl- l~propanol 
(XXIV), m. 71* (from EtOH), bl4 186*. Dehydration of XXIII 
with H2S04 gave trana-1 , 3-diphenylpropene, m. 51* (from BtOH), b25 
159*; sinilarly XXIV gave a mixt., blS 170*, d20 0.9978, 

n20D 1.56B9, MR 63.68; chilling removed 30% aa the aolid trans fora, and 
the oily liq. was purified to cis-1 , 4-diphenylpropene, bl6 178*, 
d20 1.0138, n200 1.SB07, MR 63.75. XXII, formed by hydrogenation with 
Raney Ni of either isomer, bl6 160*. d20 0.9831, n20D 1.5594, MR 
64.41. (5) 1, 2-Diphenylbutane (XXV), b28 172*, d20 0.9777, n20D 
1.5554, MR 68.98. Friedel-Cra f ts condensation of EtCOCl and C6H6 gave 

88% 

Bt Ph ketone, bll 97*. d20 1.0103, n20D 1.5256, MR 40.69, which 
with PhCH2MgCl gave 1 , 2-diphenyl-2-butanel, b20 180*. d20 1.0367, 
n20D 1.S7S2, MR 72.06. Dehydration in H2S04 or P20S gave a aixt. of 
isomeric olefins; subsequent hydrogenation with Raney Ni was 
selective, to form XXV, attacking only isomers without a double bond 
between the 2 rings I the formation of XVIII from atilbene ia an exception 
to this general rule). (6) 1 , 4 -Oiphenylbutane (XXVI). The 2 
diastereoisomers of 1,4 diphenyl-2-butyne-l , 4-diol, from BzH and VIII, 
were sepd. by their different solubilities in Bt20; on crystn. from BtOH 
the u-forra m. 146* and the P-forn m. 99.5*. The 

producta, predominantly a-, resinify easily in acid. Hydrogenation 

gave the atereoiaomeric diols; a-forn (XXVII) of 

1, 4-diphenyl-l, 4-butanediol m. 110*; ^-forn n. 93*. Zn 

contrast to the aliph. diols, dehydration of XXVII with 30% H2S04 did not 
give a diolefin, but instead 1, 4-diphenyl-l , 4-epoxybutane 

(2, 5-diphenyltetrahydrofuran) (XXVIII), b27 210*. d20 1.0752, n20D 
1.5770, MR 63,49, very stable, resistant to H in EtOH with Raney Ni or Pt 
black, reacts slowly with H and Pt black in HOAc . In eontraat, the 
action 

of nascent H, from Na and BtOH. is very effective, giving 

1. 4- diphenyl-l-butanol, b32 218*, d20 1,0347, n20D 1.SS53, MR 
65,17; dehydration in 60% K2S04 then gave 1, 4-diphenyl-l-butena, bl4 
170*. d20' 1.0330, n20D 1.5945, MR 68.37, The XXVI produced by 
hydrogenation with Raney Ni, m. 52.5*, waa identical with that 
prepd. from PhCH2CH2Br and Na , No rearrangement occurred in the 
dehydration of XXVIZ (ef. Tiffeneau, Orekheff. and Levy. C.A. 26, 2429). 
(7) 1, 2-Diphenylpentane IXXZX), b32 184*. d20 0.9649, n20D 1.5480, 

MR 73.74. 1, 2-Diphenyl-'2-pentanel, 94% from PhCH2MgCl and PrBz, b22 
184*. d20 0.9913. n20D 1.5B82, MR 81.50. was dehydrated with H2S04 
to a mixt. (XXX) of isomeric olefins, b27 185*. d20 

0.986S, n200 1.5798, MR 74,85; dehydration with P205 gave a mixt. <XXXI), 
b28 196', d20 1.0026, n20D 1,5B07, MR 73.76. XXXI contains mostly 
1. 2-diphenyl-2-pentene and is smoothly hydrogenated at normal praasuro 
with Raney Ni to XXIX, whereas XXX, contg. mostly 1 , 2-diphenyl-l-pentene« 
is not hydrogenated. (8) 2, 5-Diphenylhexane (XXXII). 

2. 5- Diphenyl-3<hexyne>2, 5-diol, from VIZI and MeBz, waa sepd. into the 
a-torm, m. 163.5* (from EtOH), and the predominant 

f)-form (XXXIII), m. 126* (from C6H6), by the virtual insoly. 

of the a-form in Et20. Attempted dehydration caused resin 

formation, esp. with XXXZIZ and 10% H2S04. when a red resin was obtained. 

So hydrogenation gave 2. 5-diphenyl-2. 5-hexanediol aa the a-form 
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(XXXIV) . ra. 158.5*, and the P-form, m. 136*; 

dehydration of XXXIV in 20% H2S04 gave (aa with XXVII above) . 

2, 5-diphenyl-2, 5-epoxyhexane (2, 5-diroethyl-2 , 5'diphenyltetrahydrof urani 

(XXXV) , b29 202*. d20 1.0380, n20O 1.5637, MR 73.29. Tha 
resistance of XXXV to catalytic hydrogenation waa analogous to that of 
XXVIII; rupture of the heterocyclic ring with Na and EtOH gave 

2, 5-diphenyl-2-hexanol, b20 202*. d20 1.0125, n20D 1,5468, MR 

74.52. Dehydration with 50% H2S04 gave 2 olefins; a solid form, 

m. 139* (from BtOH), and a liq., bl2 183*, d20 0.9916, n20D 

1,5659, MR 77.62 (possible stereoisomers of 2 , 5-d iphenyl-2-hexene ) (cf. 

Klages, Ber, 35, 2633(1902), and C.A. 1, 3005]. Attempted hydrogenation 

of these olefins with Raney Ni did not form the desired XXXII, 

but inatead cyclization gave tr ana- 1 , 2-dimathyl- 1 , 2 -diphenylcyc lobutane 

(XXXVI) , bl6 172*. m. 52.5*, and the cis-forn (XXXVII), bl6 
172*, d20 0.9961, n20D 1.S540. MR 75.93; this reaction will be 
inveatigated further with larger aats. of starting naterial. (9) 
1, 1, 2-Triphenylethane (XXXVIII). Dehydration of Ph2C (OH) CH2Ph 
Itriphenylethanol) (82% from PhBz and PhCH2MgCl, m. B9*) with AcCl 
gave Ph2C:CHPh, triphenylethylene, m. 73*, and hydrogenation with 
Na and AmOH then gave tha desired XXXVIII, m. 54,5*. Cyclic 
seriea: (1) Decyleyelohexane IXXXZX) . Catalytic hydrogenation of 
phenyldecane, 10% from 1-broaodecana. C6H6. and A1C13, bl4 ISB*, 

d20 0.8978, n20O 1.5078. MR 72.36, with Pt black was strongly inhibited, 
apparently by traces of A1C13. BzH and C9H19MgBr gave 50% 
1-phenyl-l-decanol, a. 34* (froa BtOH). bl7 169*. crystals 
greasy to the touch; equinol. amts. of PhCH20H and C9H16 were also 



fori 



in 



Dehydration with H2S04 gave 1 -phenyl- I -decene , b26 183-4*. d20 
0.8726, n20D 1.1878, MR 71.29, hydrogenation of which then gave the 
desired XXXIX, b20 168*, d20 0.8167, n200 1.4520, MR 73.98. The 
hydrogenation waa selective, the intermediate phenyldecane being inaol. 



HOAc; the reaction then continued at 25% of the original rate. (2) 
1 , 4-Diphenylcyclohexane could not be formed from C5H11I and p-Br2C6H4 

with 

Na; only C5H12, C5H10, C10H22, and dime thyloctane were formed. The 
condensation of C5HllMgBr with p-Br2C6H4 with FeC13 (cf . C.A. 39, 2739.6) 
was also unsuccessful. (3) 1, 2>DicyclohexylethBne (XL), obtained by the 
hydrogenation at 180* with Raney Ni ef PhCH2CH (OH) Ph. bl9 
140*. d20 0.8825, n20D 1.4802, MR 62.47. (4) 

1. 1- Dicyelohexylpropane (XLI). froa Ph2CHCN2CK20H by hydrogenation with 
Raney Ni. bl4 131*, d20 0.9023. n20O 1.4935, MR «7.05. 
Condensation of EtC02Et and C6HllMgCl gave only secondary producta: 

C6H12, 

C6H10, C6H11CH2AC, and cyclohexylprepanel . (5) 1 , 2-Dicyelohexylprepane 
(XLII). from the hydrogenation of PhCH2CHPhMe with Pt black, blS 
146*, d20 0.8619, n20D 1.4791. MR 66.90. (6) 1,3- 

Dieyclohexylpropane (XLIZI), from the hydrogenation of PhCH2CH:CHPh in 

HOAc with Pt black, b24 151*, d20 0.8740, n20D 1.4750, MR 67.01; 

the hydrogenation waa nonselective, acting equally on the olefinic bond 

and the arom. nuclei. (7) 1 , 2-Dicyclohexylbutane (XLIV), obtained from 

PhCH2C (OH) PhEt by hydrogenation with Raney Ni at 185*, b22 

160*, d20 0.9146. n20D 1.5038. MR 71.85, (B) 1,4- 

Oicyclohexylbutane IXLV), obtained aimilarly from (CH2CH (OH) Ph} 2 at 
180*, bl9 167*. d20 0.8731. n200 1.4758. MR 71.69. (9) 

1. 2- Dicyclohexylpentans (XLVI), prepd. similarly froa phCH2C (OH) PhPr, bl7 
157*. d20 0.9218, n20D 1.5092, MR 76.47. (10) 2,5- 
Dieyelehexylhexane (XLVIX), fron (CH2C (OH) PhMa) 2, b32 201*. d20 

0.6901, n20D 1.4876, MR 80.87. (11) 1 , 1 . 2-Triphenylethanol waa 
hydrogenated to 1, 1, 2-tricyclohexylethane (XLVIXI), b30 230*, d20 
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1.0236, n20D 1.5786, MR 90.21. Studies of hydrocarbon propartiaa a« • 
function of aol. structure: Generally the sXlph, hydrocarbons show 
increasing d. and n with increase in branching; the b. p«. decrease. The 

polyolefinic hydrocarbons show a trend in d. and n with the C/H ratio or 
degree ot unsatn. The mol. exaltation due to the acetylenic group is 
roughly 3 times that for ethylenic bonds. The following phya. data (see 
also under each of the preceding individual syntheses), i.e., the mol. 
exaltation (obad. aol. refraction - calcd. valued, the kinematic 
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in centiatokes, and the aba. viscosity in centipoiaes, are given: XVIX, 
-0.42, 3.4S, 2.66; J, -0.01. 3.75. 2.35; V. -0.21, 4.33, 3.37; VX, -0.53, 
3.71, 2.90; IX, -0.34, 4.65, 3.71,- XI, -0.12. 10.28, 8.14; XII, -0.08, 
9.64, 7.60; for the following only the nol. exaltation is given: IX, 
♦1.04; XI, ♦4,19; XIV, ♦4.11; 5 , B -dibutyl-4 . 6 , B-dodecatriene , ' +2 . 02 ; 
5, 8-dibutyl-S, 7-dodecadiene, ♦l.Ol; XVI, +4.28; 2 , 9-di»ethyl- 1 , 7- 
di isobutyl'3, S,7-decatriene, «2.16; 2, 9-diuathyl.' 4 , 7-dii9obutyl -4 , 6- 
decadiane, *1.02. The phys. state of the arylaliph. hydrocarbons is 
intimately bound to the nol. structure asp. the degree of synaie.try. 

Asy». 

compda. are liq. whereas the sym. ones are solid. The d. and n of liqs. 
decrease with increasing chain length (or decrease in C/H ratio) and with 
increasing degree of aynnetry. Phys. data (read as above): XIX, +0.18, 
5.07, 5.06; XXI, +0.12, 6.74, 6.61; XXII, +0.15, 7.81,. 7.83; XXV, +0.06, 
9.36. 9.15; XXIX, +0.20, 12.00, 11.58. With the cyclic hydrocarbons, the 
d. and n of the sym. isomers are lower than of the asym. ones. Phys. 

data 

(read aa above): XXXIX, +0.05, 6.14, 5.01; XL, -0.01, 7.90, 6.96; XLI, 
-0.05, 9.68, 8.74; XLIZ, -0.20, 11.52, 10.16; XLIIZ, -0.09, 8.91, 7.80; 
XLIV, *0.li. 10.99, 10.05; XLV -0.03, 12.71, 11.17; XLVI, ^0.13, 14.68. 
13.53; XLVII, -0.09, 23.35, 20.79; XLVIII, 0.00, 122.85, 127.80; XXXVI. 

in. 

52.5*, bl6 166*; XXXVII, bl6 172', -0,03, 41.56, 

41.40. The viscosity of the 3 series above at 20* increaaes with 
the length of C chain, but not with the C/H ratio; the arylaliph. asym. 
hydrocarbons have lower values than the correaponding cyclic compda. An 
increase occurs with the appearance of closed rings, also with degcee of 
synnetry for compds. of analogous structure. More evidence is needed to 
confirm these generalities. Conclusions: (1) The Wurti reaction does not 
go so simply as given in the std. texts; free radieala play an important 
part. Temp, is important, esp. in the isomerization of the radicals, and 
it is difficult to isolate pure products, duo to secondary products. (2> 
The Grignard condensation is a better method for obtaining the desired 
structures, with min. rearrangement of the reactanta. (3) Dehydration 

and 

dehydrogenatlon depend greatly .on mol. structure; the acetylenic diols 
dehydrate differently in the aliph. and arylaliph. seriea. After removal 
of the triple bend, epoxides are formed. Compda. of the type 
ArCHsCRAr are resistant to catalytic hydrogenation, so that selective 
redn. to arylaliph. or to cyclic hydrocarbons can be accomplished, 
similarly, acetylenic diols are alao selectively hydrogenated; the 
partial 

redn. of the triple bond is characterized by (1) a slower reaction, (2) 
change from exothermic to endothermic reaction, and (3) pptn. of the 
insel. olefin from Eton. The hydrogenation of the sym. diaryl 
l,4-epoKid«s Is free of intramol. rearrangement. 
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AB A low-pr*s*ur« ol«fin» recovery preceaa and plane ar« deacribad 
in which f««d gmm is eonprssaod and distilled ac a primary 
diatillation preasura. The overhead stream is chilled at <30 kg/cmZ to 
partially condenaa the overheads. The primary diatillation tower is 
refluxed with at least a portion of the condensate. The overhead vapor 

is 

further chilled and partially condensed and the condensate is fed to a 
demethanizer . The remaining vapor ia cooled in a cold section and the 
resultant liquid is phaaa separated and expanded to provide 
raf rigetation for 

the cold section. The expanded vapor from the cold section is recycled 

to 

the process gas compressor. The bottoms streams from the primary 
distillation zone and the demethanizer are fractionated into rasp, 
streams consisting essentially of ethylene, ethane, prepylanat 
pcopane, C4'a, and C5* . Process flow diagrams are presented. 
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Afl Ethylene (I) and propylene <II) are separated from the raw gas, 

formed from pyrolysia of hydrocarbons, by washing the raw gas at 8-12 
atmospheric 

with a N-alkyl-y- or 8-lactam to dissolve acetylenes, 

diolefins, H29, S~cont«ining organic compds . and C4 hydrocarbons. The 
washed gas 

contains I, II, H2S, CO, H, CH4, C02, ethane, propane, and 

butane. Preferred lactam for washing is N-methylpyr rolidinone |III|. 

The 

washed gas is treated with an aqueous alkali solution to remove traces 
of H23 and 

C02. The purified gas is compressed to 2S-35 atmospheric, and either 
condensed by cooling it at very low temperature, or absorbed by a 
liquid. The 

condensate or the solution is distilled to give pure I and II. The 
components 

absorbed- by III, namely, acetylene, diolefina, H2S, S-containing organic 
canv>ds . 

and a part of C02. are regenerated by evaporation The regenerating 
column is a 

continuous distillation column, fed with the washing liquor and with 
steam at such a rate that at the head of the column a part of water and 
the regenerated components are distilled The III in the residue contains 
1-10% water. The hot residual III is dehydrated by bubbling through It a 
part of CH4 and of H, released in the purification. Acetylene and 
diolefins are partly polymerized during the regeneration. The 
consumption 

of alkali is low. A design of the plant ia given. 
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AB The process of U.S. 2.-600,110 (CA 46, e3Seh), which is based on the 
heat-pump principle, is improved by passing a major portion of the 
compressed vapors of the kettle product refrigerant to the kettle 
section of the fractionator and compressing the rest of the vapors in r 
2nd compression step so that they are condensed by available cooling 
water, thus increasing the efficiency of heat transfer. The improved 
process ia particularly adapted to the separation of C2H4 from C2H6, 
C3He from 

C3Ke, and C4H8 from C4H10. 
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AB Oxidation products, e.g. ethylene oxide, acrolein, and mechacrolein, are 
prepared by the controlled catalytic oxidation of corresponding olefinic 
hydrocarbons with O. For example, the reaction mixture obtained by the 
catalytic oxidation of propylene with O in the vapor phase in the 
presence of a Cu20 catalyst and quenching with H20 contains essentially 
2.61 acrolein, 34.2% propylene and propane, 0.8% O. 
19.4% permanent gases, and 43% water. The mixture is cooled from 
149* to 49* in 2 stages. Two separate liquid condensates 
are obtained, the first containing 8.8% acrolein and '76% water and the 

second 

containing 4.2% acrolein and 13% water. The remaining vapor phase 
contains 

87% acrolein, 1.3% water, the hydrocarbons that are gaseous under normal 
conditions, and the permanent gases of the reaction mixture The vapor 

phase 

is compressed from its pressure of 5.6 atmospheric to 21 atmospheric and 



i.a 



The aqueous phase at the bottom of the column is 



introduced into an absorption tower at the bottom. A jet of water is 
introduced at the top. The first liquid condensate, separated during the 
quenching of the reaction mixture, is introduced into the absorption 

tower 

at a place midway between the water inlet and the vapor phaaa inlet. The 
absorption tower is maintained at 21 * and 21 atmospheric Acrolein is 
selectively absorbed by the aqueous solvent, forming a solution of water 

and 

acrolein in a proportion of 50.1 moles/ wa ter /mole acrolein. The gases 
leaving at the top of the tower contain essentially propylene, 
propane,' and permanent gases. The absorption solution is withdrawn 
from the bottom of the tower and is distilled with the second condensate. 
The top fraction from the distillation contains acrolein and a 
relatively small amount of water. More than 99% acrolein is recovered 

from 

the reaction mixture 
partially 

returned to the absorption tower. A total of 17.6 moles water are 
introduced at the top of the tower per mole of acrolein which ia 
recovered 

by distillation If this reaction is conducted under essentially the 
same conditions, with the exception that the vapor phase is introduced 
into the absorption tower without previous compression and both liquid 
condensates are distilled directly in the distillation column, 35.2 moles 
water are required per mole acrolein to obtain an equivalent yield of 
acrolein. 
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Recovery of water-soluble oxidation products of 
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AB Chilling of alkylation mixta, rich in i«ebut«na is accoBpliahad by tlaah 
vaporization or "aalf r«f rigaration. " Vapora rich in iaobutana ara than 
conpreasod and tad to high-pcoaaure fractionating towara and 
iaobutanerich liquids ratucned to the reectora. The tamperature of the 

8yat«ra 

undec Che proposed eonditiona ia naintained lower than uaual and 

decomposition 

of acidic components in the alkylate ia reduced during deiaobutanization. 
The isobutane and olefinic naterial are treated with a catalyat in the 
liquid phaae at <100*F. with a H2S04 catalyst, alkylation tempa . of 
30-5S*F. are preferred. The alkylatable material ia uaually an 
olefinic hydrocarbon, e.g. propylene or butyleno, or it may be 
an alkyl eater. For example, 30.2 bbl , propylene, 19.2 bbl . 
butylene, and S39.e bbl. isobutane were treated in the liquid phase at 50 
lb. /in. 2 gage with 92% H2S04. The reaction mixture was cooled by 
indirect 

heat-exchange with flashed effluent hydrocarbons, aeparated, and 
doisebutanized. 
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A normally gaaeoua hydrocarbon component i: 
mally 

gaseous hydrocarbons by introducing the mixture into a diatillation 
zone. A bottom fraction and a vaporous overhead fraction are withdrawn 
from the diatillation zone. A portion of the overhead fraction, which 
compriaea the component which is to be separated, is eompreaaed and 
thereby heated. A portion of the compressed overhead fraction, 
which has been further heated or cooled, is brought into contact 
indirectly with liquid from the lower portion of the distillation zone 
thereby heating and partially vaporizing the liquid from the distn 
. zone and partially condensing the overhead. The condensed overhead nay 
be used to reflux the distillation zone, while the vaporized liquid , 
may be used to reboil the distillation zone. This process may be used 
in the separation of C2H4 from C2H6 in a C2-splitting operation or (or 

separation of C3K6 from C3H8. 
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Isobutane (60-90 volume % of the hydrocarbon charge) and olefins, 
such as propene, react in the liquid phase in the presence of a 
nonvolatile alkylation catalyst, e.g. H2S04 (88-94 weight I titratable 
acidity) . The temperature and pressure conditions (30-75*F. and 0-30 
Ib./sq. in. gage are such that part of the isobutane and practically all 
of the C3H8 and lighter products are evaporated to give effective 
refrigeration for the alkylation zone. The alkylator delivers a 
depropanlzed liquid emulsion to be settled and caustic-washed tree of 
acid. This alkylate paaaea to the top of a distillation tower where 
butanes are distilled from the downcoming alkylate and returned to the 
alkylator. The iaobutane-rich vapors from the alkylator containing CSHS 

compressed (40-130 Ib./aq. in. gage) and condensed with cooling 
water. The condensate is depropanizad. and the iaobutane-rich bottoms 

returned to the alkylator. 
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AB Th« liquid mixture of hydrocarbona concaining olefins, e. g., 
propane and propylene, is freed of these cooponents by 
sueeeaaive decsntations in a specially designed apparatus There the 
olafinic 

eomponenta and the astarifylng solution (a 75% H2S04 aolutionl ara 
allowed to 

. circulate in countercur rent manner by means of flowing in an inert gas 
prelininarily compressed. The temperature in the battery is 
40* and the pressure 20 kg. per sq. cm. At one end of the battery 
is collected a liquid containing saturated hydrocarbons and practically 
free of 

olafina, and at cho othac an aaterlfying aolution saturated with 
olefin ale. which ia cauaed to appear there by dilution and heating. 
The liberated ales, are isolated by suitable meana, e. g., distn 
. or solvent extraction Drawing of apparatus ia included. 
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